Introduction
It is well established that the oxidation of fatty acids in animal tissues proceeds by the /8-oxidation pathway and that the enzymes responsible for the reactions are localized in the mitochondria (5, 6, 8) . Newcomb and Stumpf (11) were able to obtain cellfree preparations from germinating peanut cotyledons which were able to convert C14-labeled palmitate to C14O.,. Subsequent studies by Stumpf and coworkers have established that germinating peanut cotyledons contain 2 systems for the oxidation of saturated higher fatty acids: an a-oxidation system which apparently lacks a counterpart in animal or bacterial tissues, and a ,8-oxidation system which is analogous if not identical to the animal system. The /3-oxidation system studied by Stumpf and Barber (16) with an assay which involved the liberation of C140, from labeled fatty acids, required whole mitochondria. Subsequently Martin and Stumpf (9) showed that this mitochondrial pellet isolated by differential centrifugation also contained a-oxidation activity. Although the isolated mitochondria were very unstable with respect to the /8-oxidase activity (9) , these workers were able to estimate the relative contribution of these 2 pathways in freshly isolated mitochondrial particles by taking advantage of differences in the cofactor requirements, substrate specificities, and inhibitor responses of the 2 systems.
Our starting point in this work was the system of Stumpf and Barber. During the course of our study we were able to show that the mitochondrial supernatant material (S10 000XgP 0-80 % ammonium sulfate fr!action) is able to catalyze the conversion of C14-labeled palmitate to C14-labeled acetyl-CoA, which dissolved in 75 ml of H2O and 225 ml of absolute methanol, and neutralized (pH 7.5) by dropwise addition in the cold of 1 mole of KOH, dissolved in 50 ml of H2O. The neutralized hydroxylamine was brought to a volume of 2 liters with absolute methanol, and left overnight at -10°. It was filtered in the cold and the filtrate concentrated at 00 in a flash evaporator until the concentrated salt-free NHoOH just started to decompose and evolve nitrogen gas. The resulting NH2OH varied from 10 to 15 molar in concentration; it was stored at -10°and assayed at regular intervals by the benzoyl chloride-FeCl3 method (10) . A (15) .
Preparation of the Active Enzyme System. The enzyme system was prepared essentially as described by Stumpf (15, 16) The overall activity of the enzyme system varied from batch to batch; however, the observed trends were consistent even though the magnitude of the effects varied somewhat from one enzyme preparation to another. The activity of the S10,000xg enzyme in Tris-sucrose declined slowly after 7 days storage at -10°; therefore, no enzyme preparation more than 6 days old was used. The ammonium sulfate precipitation was done just prior to use.
Assay for the ,3-Oxidase Activity. The 8-oxidation activity was followed by determining the percent conversion of radioactive tracer from the substrates into acetyl-CoA (as well as other forms of activated acetate) or acetyl-hydroxamic acid: 0.5 ml of the SLo,oooxgj 0-80 % ammonium sulfate fraction was incubated with the appropriate cofactors and substrates for 40 minutes at 370; the total volume of the reaction mixture was adjusted with distilled water to 1.7 ml, and the incubation was carried in a 50 ml polyethylene Servall centrifuge tube fitting in a rack on a metabolic shaker. At the end of the incubation period, the reaction was stopped by adding 5 ml of 95 % ethanol; 3 mmoles of salt-free NH2OH were added when acetyl-CoA and other forms of activated acetate were to be converted to acetyl-hydroxamic acid. After standing at 37°for 5 minutes, whether salt-free NH2OH was added or not, an additional 20 ml of 95 % ethanol were added. The tube was then centrifuged at 20,000 X g for 10 minutes, and the ethanolic extract decanted into a 100 ml beaker. The ethanolic extract was reduced to a volume of about 3 to 4 ml on a steam bath, and brought to dryness in a vacuum desiccator, at room temperature. The dry white residue was thoroughly extracted with 2 ml of absolute methanol, and this methanolic extract was adjusted to a total volume of 2 ml with additional methanol; 0.2 ml aliquots were spotted on a 4 cm X 57 cm strip of Whatman No. 3 mm chromatography paper. The paper strips were developed descendingly with n-butyl alcohol-acetic acid-H2O (80: 30: 30). When the products of the ,8-oxidation were converted into acetyl-hydroxamic acid by adding NH,OH at the end of the incubation period, the chromatograms were developed at room temperature for 12 hours; otherwise they were developed at 40 for 22 hours. Radioactive areas were located with a Vanguard strip counter Model 800 Autoscanner, cut out into 4 cm x 4.5 cm rectangles and inserted in a scintillation vial containing 20 ml of toluene scintillation solution (0.5 g of dimethyl POPOP, 6.0 g of PPO in 1000 ml of toluene) (3) . The compounds of interest were practically insoluble in toluene and therefore not extracted out of the paper to a significant extent. The radioactivities on these paper strips were determined with a Tri-Carb Packard liquid scintillation counter. The counts per minute on the paper were converted to ,uc by referring to a standard curve obtained in a similar nianner with known amounts of radioactive acetyl-1-C14-hydroxamilic acid, and percentages were computed on the basis of ,uc of substrate added and ,c of product recovered. For instance, if 10 % of the radioactivity from the substrate, palmitic acid-1-C14 (1.28 ,uc) was found in radioactive acetyl hydroxamic acid, the latter contained 0.128 ,uc. Only a 1/10 aliquot of the reaction mixture wvas applied to the paper, which would therefore contain 0.0128 ,c in the acetyl-hydroxamic acid. When this spot was counted in the Tri-carb scintillation counter as described, it gave 8,500 cpm. The counting efficiency under these conditions was 30 %.
The numerical values in table II were obtained by measuring the peaks of the chromatogram scannings with a planimeter and converting the planimeter readings to ,uc by referring to a standard curve obtained in a similar way with known amounts of radioactivity.
Identification of the End Products of the /3-Oxidationi. The end products of the /3-oxidation activity, namely the activated forms of acetate, were located due to their radioactivity and identified, by cochromatography on paper with authentic compounds in nbutyl alcohol- Synthetic acetyl-1-Cl4-CoA was located on the paper strips by its radioactivity, by the qualitative nitroprusside test for thiol esters as described by Stadctman (14) , or by allowing it to react wvith hydroxylamine on the chromatogram and detecting the resulting acetyl-hydroxamic acid. The procedure for this last test was the following: the paper was spraye 1 with the methanolic hydroxylamine spray, after 10 minutes at room temperature the paper strip was sprayed with the ethanolic ferric tative nitroprusside test for thiol esters (14) . The 2 remaining areas (RF 0.25 and 0.38 in n-butyl alcohol acetic acid-H,O) coincided with authentic acetyl-P and acetyl-GSH, as detected by the NH2OH spray for both synthetic acetyl-P and acetyl-GSH, and by the nitroprusside test for synthetic acetyl-GSH; hence, these 2 areas were identified respectively as acetyl-P and acetyl-GSH. The radioactive acetyl-C14-GSH formed was considered to be the result of a side reaction between acetyl-C14-CoA and GSH (2), since GSH was added routinely to the reaction mixture to keep the CoA in the reduced condition. However, when GSH was omitted and the CoA reduced by H,S and flushed with N2 just before the incubation, the fast-moving radioactive spot was not obtained. On the other hand, omission of added Pi from the reaction mixture did not result in a decreased radioactivity in the spot tentatively identified as acetyl-C14-P. The production of acetyl-C'4-P in the absence of added Pi is not surprising with a crude homogenate rich in phytic acid (4), and a reaction mixture containing large amounts of ATP. Omission of CoA from the reaction mixture drastically reduced all forms of active acetate (table II) ; the traces of radioactivity detected were mostly in the acetyl-CoA spot. Most of the activity in the absence of NH,OH was detected as acetyl-C'4-CoA; in other words 600 m,umoles of CoA were a good trapping agent for 100 m,umoles of added substrate, which made it possible to delay the addition of NH2OH, when needed, to the end of the incubation period (table I) .
Radioactive Products of Butyric Acid-i-C14 Degradation. Incubation of butyric acid-1-C'4 with the mitochondrial supernatant fraction (So 000xg, 0-80 % ammonium sulfate) with addition of salt-free NH.OH at the end of the incubation period, produced radioactive areas that moved with the approximate RF values of 0.70 and 0.82 in n-butyl alcohol-acetic acid- of labeled acetyl-hydroxamic acid from 100 m,umoles of palmitic acid-i-C'4 as compared to 2.5 m,umoles of acetyl-hydroxamic acid formed in the presence of the same concentration of TPN. From these data it is apparent that DPN is acting catalytically. In fact by direct spectrophotometric measurement it was possible to show that the S10,00QOXg contains a large amount of diaphorase activity. It is interesting at this point to bring up the relation of the unknown radioactive compound moving with an RF of about 0.6 (table II, fig 1) to DPN and TPN. Although the chemical nature of this compound was not investigated, it was obviously derived from palmitic acid-i-C14. When NH.OH was added to the reaction mixture at the end of the incubation period, the unknown 10 ,000 X g for 30 minutes is irregularly effective in catalyzing the oxidation of long chain and short chain fatty acids to CO,, but becomes consistently effective if the S1ooooxg is added back to it. The relationship of the 18-oxidation activity in the S10oooxg fraction, to the mitochondria is now under study and will form the object of a second report. We can see 3 possibilities: (A) The 8-oxidation activity is localized in the mitochondria; during the course of isolation the enzymes which catalize the ,8-oxidation reaction sequence are leached out, while retaining their catalytic activities. (B) The 8-oxidation activity is localized in the S10,000ox fraction, i.e. either in the microsomes or in the hyaloplasm or both; the ,6-oxidation activity which can be shown to be associated with the mitochondrial pellet, is due to occlusion of material of nonmitochondrial origin. (C) The ,8-oxidation activity is localized in 2 types of subcellular constituents, in the mitochondria and in smaller or less dense constituents (microsomes or hyaloplasm or both). These different sites can be present in the same cells or in 2 different types of cells of the cotyledons.
Since the cotyledons were homogenized under extremely mild conditions we do not feel that the first alternative is a likely one.
Summary
An extra-mitochondrial system prepared from germinating peanut cotyledons, by differential centrifugation and ammonium sulfate precipitation, is capable of degrading long chain and short chain saturated fatty acids by 8-oxidation, with the formation of acetyl-coenzyme A.
Palmitic acid is extensively degraded as evidenced from the formation of activated acetate from palmitic acid-C'4 labeled along the hydrocarbon chain. The minimum cofactor requirement for this system is as follows: coenzyme A, adenosine triphosphate, magnesium ion and diphosphopyridine nucleotide. sorption band of chlorophyll a. Reported herein is a study of enhancement and its relations to pigment absorptions in A nacystis nidulans.
Methods
Annacystis nidulans Drouet (Kratz and Allen strain) was grown in continuous culture chambers (14) in Medium C (12) aerated with 0.5 % CO, in air and under 3 conditions: A, low white light, under tungsten
